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SPECIFICATION 



[0001] 



[0002] 



[0003] 



GLASS-FILLED POLY(ARYLENE 
ETHER) -POLYOLEFIN 

COMPOSITION AND ARTICLES 
DERIVED THEREFROM 



oss Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application Serial No. 60/258,840, 
filed December 28, 2000. 



Compositions comprising poly(arylene ether)s and polyolefins are known in the art, 
and compositions further comprising a variety of impact modifiers and compatibilizing 
agents have been described. 

U.S. Patent No. 4,764,559 to Yamauchi et al. generally describes a composition 
comprising (a) a polyphenylene ether having a low degree of polymerization, with or 
without a styrene resin, (b) a polyolefin, and (c) a styrene compound/conjugated diene 
block copolymer or a hydrogenation product thereof. Use of inorganic fillers, such as 
glass fiber, potassium titanate whiskers, talc, and precipitated calcium carbonate, is 
described. 

U.S. Patent No. 4,863,997 to Shibuya et al. generally describes a composition 
comprising (a) a polyolefin resin, (b) a polyphenylene ether resin, and (c) a hydrogenated 

block copolymer of an alkenvl aromatic compound and a conjugated diene that contains 

Acjciition or -hers, -^cn as uias> r.ne:, Au.iusto'iit>:. ;HHdbs.uKi : \ w t ; i.mu:i . . ■ 

talc, and calcium carbonate, is described. 



Background of Invention 
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[0004] U.S. Patent No. 4,892,904 to Ting generally describes compositions comprising (a) a 
polyphenylene ether, (b) a poly(alkenyl aromatic) resin, (c) a polyolefin resin, (d) an 
alkenyl aromatic copolymer or terpolymer and (e) a minor amount of fibrous glass. 

[0005] U.S. Patent No. 5,071 ,91 2 to Furuta et al. generally describes a composition 

comprising (a) a polyphenylene ether, (b) a styrene-modified propylene polymer or a 
composition containing a styrene-modified propylene polymer and polypropylene, and 
at least two rubbery substances, one being compatible with (a) and the other 
incompatible with (a). Use of reinforcing agents and inorganic fillers is described. 

[0006] U.S. Patent No. 5,081 ,1 87 to Maruyama et al. generally describes a composition 

/-rtmr^ririnn cnar\f\r amnnntc of (zi\ a nnl\/nlpfin (h) a nnl\/nhpn\/lpnp pfhpr (c) a nartiallv 

hydrogenated alkenyl aromatic compound-isoprene block copolymer, and (d) an alkenyl 
aromatic compound-conjugated diene block copolymer. Use of fillers, such as glass 
wollastonite, potassium titanate, whisker, mica, talc, and calcium carbonate, is described. 

[0007] U.S. Patent No. 5,206,281 to Furuta et al. generally describes compositions 

comprising (a) a polyphenylene ether, (b) a propylene polymer modified by grafting with 
styrene-based monomer, alone or in combination with a propylene polymer, (c) a rubbery 
substance, and (d) an inorganic filler having an average particle diameter of 0.05-10 
micrometers. 

[0008] U.S. Patent No. 5,41 8,287 to Tanaka et al. generally describes a composition 

comprising (a) a polyphenylene ether, (b) a crystalline polyolefin resin, and (c) a graft 
copolymer where the backbone is a copolymer of (i) ethylene or at least one C -C 
alpha-olefin, and (ii) at least one chain nonconjugated diene. Use of reinforcing agents, 
such as glass fibers, mica, talc, precipitated calcium carbonate, silica, wollastonite, and 
potassium titanate whisker, is described. 

[0009] U.S. Patent No. 6,031 ,049 to Chino et al. generally describes a composition 

comprising specific amounts of (a) a component composed of syndiotactic polystyrene 

[001 0] European Patent Application No. 41 2,78 7 A2 to Furuta et al. generally describes 

compositions comprising (a) a polyphenylene ether, (b) a propylene polymer modified by 
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grafting with a styrene-based monomer alone or in combination with another 
copolymerizable monomer, with or without an unmodified propylene polymer, and (c) a 
rubbery substance having chain A miscible with all or part of (a) and chain B miscible with 
all or part of (b). Use of reinforcing agents, including glass fiber filaments, is described. 

[001 1] The commercial value of the above described compositions has been limited by 
deficiencies in the balance between stiffness and impact strength, as well as the 
consistency of various properties from batch to batch and from molded sample to 
molded sample within the same batch. There remains a need for poly(arylene ether)- 
polyolefin compositions having improved property balances. In particular, there remains 
a need for poly(arylene ether)-polyolefin compositions exhibiting improved impact 
strength at extremely high stiffness. There also remains a need for poly(arylene ether)- 
polyolefin compositions exhibiting reduced batch-to-batch and sample-to-sample 
variability in key properties, including stiffness and impact strength. 

Summary of Invention 

[001 2] The above-described and other drawbacks and disadvantages of the prior art are 
alleviated by a composition, comprising: about 1 0 to about 40 weight percent of a poly 
(arylene ether); about 2 to about 35 weight percent of a homopolymer of an alkenyl 
aromatic monomer, wherein the weight ratio of the homopolymer of an alkenyl aromatic 
monomer to the poly(arylene ether) is at least about 1:10; about 20 to about 50 weight 
percent of a polyolefin; about 1 to about 1 2 weight percent of a hydrogenated block 
copolymer of alkenyl aromatic compound and a conjugated diene having an alkenyl 
aromatic content of 40 to about 90 weight percent; about 1 to about 1 5 weight percent 
of an unhydrogenated block copolymer of alkenyl aromatic compound and a conjugated 
diene; and 20 weight percent to about 40 weight percent of glass fibers; wherein all 
weight percents are based on the total weight of the composition. 

[001 3] Other embodiments, including the reaction product of the above composition and 
articles derived therefrom, are described below. 

One embodiment is a thermoplastic composition having extremely high stiffness 
while maintaining high impact strength, comprising: about 10 to about 40 weight percent 
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of a poly(arylene ether); about 2 to about 35 weight percent of a homopolymer of an 
alkenyl aromatic monomer, wherein the weight ratio of the homopolymer of an alkenyl 
aromatic monomer to the poly(arylene ether) is at least about 1:10; about 20 to about 50 
weight percent of a polyolefin; about 1 to about 1 2 weight percent of a hydrogenated 
block copolymer of alkenyl aromatic compound and a conjugated diene having an alkenyl 
aromatic content of 40 to about 90 weight percent; about 1 to about 1 5 weight percent 
of an unhydrogenated block copolymer of alkenyl aromatic compound and a conjugated 
diene; and 20 weight percent to about 40 weight percent of glass fibers; wherein all 
weight percents are based on the total weight of the composition. 



[001 5] The composition may comprise any poly(aryiene ether). The term poly(arylene ether) 
includes polyphenylene ether (PPE) and poly(arylene ether) copolymers; graft copolymers; 
poly(arylene ether) ether ionomers; and block copolymers of alkenyl aromatic 
compounds, vinyl aromatic compounds, and poly(arylene ether), and the like; and 
combinations comprising at least one of the foregoing; and the like. Poly(arylene ether)s 
are known polymers comprising a plurality of structural units of the formula 




wherein for each structural unit, each Q is independently halogen, primary or secondary 

C -C alkyl, phenyl, C -C haloalkyl, C -C aminoalkyl, C -C 
18 18 18 lo 

hydrocarbonoxy, or C -C halohydrocarbonoxy wherein at least two carbon atoms 

2 

separate the halogen and oxygen atoms; and each Q is independently hydrogen, 

halogen, primary or secondary C -C alkyl, phenyl, C -C haloalkyl, C -C 

18 1 o I o 

aminoalkyl, C -C hydrocarbonoxy, or C -C halohydrocarbonoxy wherein at least 
18 2 8 

two carbon atoms separate the halogen and oxygen atoms. Preferably, each Q is alkyl 
or phenyl, especially C i a alkyl, and each Q is independently hydrogen or methyl. 
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homopolymers are those comprising 2,6-dimethylphenylene ether units. Suitable 
copolymers include random copolymers comprising, for example, such units in 
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combination with 2,3,6-trimethyl-l ,4-phenylene ether units or copolymers derived from 
copolymerization of 2,6-dimethylphenol with 2,3,6-trimethylphenol. Also included are 
poly(arylene ether)s containing moieties prepared by grafting vinyl monomers or 
polymers such as polystyrenes, as well as coupled poly(arylene ether) in which coupling 
agents such as low molecular weight polycarbonates, quinones, heterocycles and formals 
undergo reaction in known manner with the hydroxy groups of two poly(arylene ether) 
chains to produce a higher molecular weight polymer. Poly(arylene ether)s of the present 
invention further include combinations of any of the above. 

[001 7] The poly(arylene ether) generally has a number average molecular weight of about 
3,000 to about 40,000 atomic mass units (AMU) and a weight average molecular weight 
of about 20,000 to about 80,000 AMU, as determined by gel permeation 
chromatography. The poly(arylene ether) generally may have an intrinsic viscosity of 
about 0.2 to about 0.6 deciliters per gram (dL/g) as measured in chloroform at 25 0 C. 
Within this range, the intrinsic viscosity may preferably be up to about 0.5 dL/g, more 
preferably up to about 0.47 dL/g. Also within this range, the intrinsic viscosity may 
preferably be at least about 0.3 dL/g. It is also possible to utilize a high intrinsic viscosity 
poly(arylene ether) and a low intrinsic viscosity poly(arylene ether) in combination. 
Determining an exact ratio, when two intrinsic viscosities are used, will depend on the 
exact intrinsic viscosities of the poly(arylene ether)s used and the ultimate physical 
properties desired. 

[001 8] The po!y(arylene ether)s are typically prepared by the oxidative coupling of at least 
one monohydroxyaromatic compound such as 2,6-xylenol or 2,3,6-trimethylphenol. 
Catalyst systems are generally employed for such coupling; they typically contain at least 
one heavy metal compound such as a copper, manganese or cobalt compound, usually in 
combination with various other materials. 

[0019] 

Particularly useful poly(arylene ether)s for many purposes include those that 

molecules havina at least one aminoalkyl-containing end group. The aminoalkyl radical is 

,cr era groups nuu uouinta tr. -n<.. jr :jo rat i rx; . u o ;r ou Mate : : • r * • a : . ^lufiua; , 
monoamine such as di-n-butylamine or dimethylamine as one of the constituents of the 
oxidative coupling reaction mixture. Also frequently present are 4-hydroxybiphenyl end 
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groups, typically obtained from reaction mixtures in which a by-product diphenoquinone 
is present, especially in a copper-halide-secondary or tertiary amine system. A 
substantial proportion of the polymer molecules, typically constituting as much as about 
90% by weight of the polymer, may contain at least one of the aminoalkyl-containing and 
4-hydroxybiphenyl end groups. 

[0020] The composition may comprise poly(arylene ether) in an amount of about 1 0 to about 
40 weight percent, based on the total weight of the composition. Within this range, it 
may be preferred to use the poly(arylene ether) in an amount of at least about 1 5 weight 
percent. Also within the above range, it may be preferred to use the poly(arylene ether) in 
an amount of up to about 35 weight percent. 

[0021] The composition further comprises a homopolymer of an alkenyl aromatic monomer, 
wherein the alkenyl aromatic monomer has the formula 

R 1 C=ch 7 



11 <z)„ 



wherein R 1 is hydrogen, C -C alkyi, halogen, or the like; Z is vinyl, halogen, C -C g 
alkyi, or the like; and p is 0 to 5. Preferred alkenyl aromatic monomers include styrene, 

methylstyrenes including p-methylstyrene, and chlorostyrenes including p-chlorostyrene. 

A particularly preferred homopolymer of an alkenyl aromatic monomer is the 

homopolymer derived from styrene (i.e., homopolystyrene). The homopolystyrene 

preferably comprises at least 99% of its weight, more preferably 1 00% of its weight, from 

styrene. 

[0022] Highly preferred homopolystyrenes include atactic and syndiotactic 

homopolystyrenes. Suitable atactic homopolystyrenes are commercially available as, for 
example, EB3300 from Chevron, and PI 800 from BASF. Suitable syndiotactic 
homopolystyrenes are commercially available, for example, under the tradename 
QUESTRA ® (e.g., QUESTRA ® WA550) from Dow Chemical Company. 



an amount of about 2 to about 35 weight percent, with the proviso that the weight ratio 
of the homopolymer of an alkenyl aromatic monomer to the poly(arylene ether) is at least 
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about 1:10. Within this range, it may be preferred to use the alkenyl aromatic monomer 
in an amount of at least about 3.5 weight percent. Also within this range, it may be 
preferred to use the alkenyl aromatic monomer in an amount of up to about 20 weight 
percent, based on the total weight of the composition. It may be preferred that the 
weight ratio of the homopolymer of an alkenyl aromatic monomer to the poly(arylene 
ether) is about 1:10 to about 6:1 0. 

[0024] The composition further comprises a polyolefin. The polyolefin may be a 

homopolymer or copolymer having at least about 80 weight percent of units derived from 
polymerization of ethylene, propylene, butylene, or a mixture thereof. Examples of 
polyolefin homopolymers include polyethylene, polypropylene, and polybutylene. 
Examples of polyolefin copolymers include random, graft, and block copolymers of 
ethylene, propylene, and butylene with each other, and further comprising up to 20 
weight percent of units derived from C -C 1Q alpha olefins (excluding aromatic alpha- 
olefins). Polyolefins further include blends of the above homopolymers and copolymers. 
p re f err€ d polyolefins may have a flexural modulus of at least about 1 00,000 pounds per 
square inch (psi) at 23 ° C as measured according to ASTM D790. Suitable polyolefins 
may comprise, for example, the linear low density polyethylene available from 
ExxonMobil as LL-6201 , the low density polyethylene available from ExxonMobil as LMA- 
027, the high density polyethylene available from ExxonMobil as HD-6605, the ultra- 
high molecular weight polyethylene available as Type 1900 from Montell Polyolefins, and 
the polybutylene (polybutene-1) available as PB01 10 from Montell Polyolefins. 

[0025] p resent |y preferred polyolefins include propylene polymers. The propylene polymer 
may be a homopolymer of polypropylene. Alternatively, the propylene polymer may be a 
random, graft, or block copolymer of propylene and at least one olefin selected from 
ethylene and C -C alpha-olefins (excluding aromatic alpha-olefins), with the proviso 
that the copolymer comprises at least about 80 weight percent, preferably at least about 
90 weight percent, of repeating units derived from propylene. Blends of such propylene 
polymers with a minor amount of another polymer such as polyethylene are also included 

measured according to ASTM Dl 238 at 2.1 6 kg and 200 0 C. The above-described 
propylene polymers can be produced by various known processes. Commercially 
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available propylene polymers may also be employed. 

[0026] Preferred propylene polymers include homopolypropylenes. Highly preferred 

propylene polymers include homopolypropylenes having a crystalline content of at least 
about 20%, preferably at least about 30%. Suitable isotactic polypropylenes are 
commercially available as, for example, PD403 pellets from Basell (formerly Montell 
Polyolefins of North America). 

[0027] The composition may comprise the polyolefin in an amount of about 20 to about 50 
weight percent, preferably about 20 to about 40 weight percent, based on the total 
weight of the composition. 

[0028] The composition comprises a hydrogenated block copolymer of an alkenyl aromatic 
compound and a conjugated diene having an alkenyl aromatic content of 40 to about 90 
weight percent (hereinafter referred to as the "hydrogenated block copolymer"). The 
hydrogenated block copolymer is a copolymer comprising (A) at least one block derived 
from an alkenyl aromatic compound and (B) at least one block derived from a conjugated 
diene, in which the aliphatic unsaturated group content in the block (B) is reduced by 
hydrogenation. The arrangement of blocks (A) and (B) includes a linear structure, a 
grafted structure, and a radial teleblock structure having a branched chain. 

[0029] Preferred among these structures are linear structures embracing diblock (A-B block), 
triblock (A-B-A block or B-A-B block), tetrablock (A-B-A-B block), and pentablock (A-B- 
A-B-A block or B-A-B-A-B block) structures as well as linear structures containing 6 or 
more blocks in total of A and B. More preferred are diblock, triblock, and tetrablock 
structures, with the A-B-A triblock structure being particularly preferred. 

[0030] 

The alkenyl aromatic compound providing the block (A) is represented by formula 



R 2 C=CHR 3 




wherein R 2 and R J each independently represent a hydrogen atom, a C -C alkyl 

4 8 18 

group, a C ^ -C o alkenyl group, or the like; R and R each independently represent a 
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hydrogen atom, a C -C alkyl group, a chlorine atom, a bromine atom, or the like; and 
1 8 

R 5 -R 7 each independently represent a hydrogen atom, a C -C alkyl group, a C -C 

4 5 

alkenyi group, or the like, or R and R are taken together with the central aromatic 
8 5 6 

ring to form a naphthyl group, or R and R are taken together with the central 
aromatic ring to form a naphthyl group. 

[0031] Specific examples, of the alkenyi aromatic compounds include styrene, p- 

methylstyrene, alpha-methylstyrene, vinylxylenes, vinyltoluenes, vinylnaphthalenes, 
divinylbenzenes, bromostyrenes, chlorostyrenes, and the like, and combinations 
comprising at least one of the foregoing alkenyi aromatic compounds. Of these, styrene, 
alpha-methylstyrene, p-methylstyrene, vinyltoluenes, and vinylxylenes are preferred, 
with styrene being more preferred. 

[0032] Specific examples of the conjugated diene include 1 ,3-butadiene, 2-methyl-1 ,3- 
butadiene, 2,3-dimethyl-l ,3-butadiene, 1 ,3-pentadiene, and the like. Preferred among 
them are 1 ,3-butadiene and 2-methyl-l ,3-butadiene, with 1 ,3-butadiene being more 
preferred. 

[0033] In addition to the conjugated diene, the hydrogenated block copolymer may contain a 
small proportion of a lower olefinic hydrocarbon such as, for example, ethylene, 
propylene, 1 -butene, dicyclopentadiene, a non-conjugated diene, or the like. 

[0034] The content of the repeating unit derived from the alkenyi aromatic compound in the 
hydrogenated block copolymer may be 40 to about 90 weight percent, based on the total 
weight of the hydrogenated block copolymer. Within this range, the alkenyi aromatic 
compound content may preferably be at least about 50 weight percent, more preferably 
at least about 55 weight percent. Also within this range, the alkenyi aromatic compound 
content may preferably be up to about 85 weight percent, more preferably up to about 
75 weight percent. 

[0035] There is no particular limitation on the mode of incorporation of the conjugated 

r-r. • - ^h P v H r no p n it p H Mori/ ronolvnpr Mrkbnnp For example when the coniuqated 
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[0036] jhe hydrogenated block copolymer is preferably hydrogenated to such a degree that 
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fewer than 50%, more preferably fewer than 20%, yet more preferably fewer than 10%, of 
the unsaturated bonds in the aliphatic chain moiety derived from the conjugated diene 
remain unreduced. The aromatic unsaturated bonds derived from the alkenyl aromatic 
compound may be hydrogenated to a degree of up to about 25%. 

[0037] The hydrogenated block copolymer preferably has a number average molecular 
weight of about 5,000 to about 500,000 AMU, as determined by gel permeation 
chromatography (GPC) using polystyrene standards. Within this range, the number 
average molecular weight is preferably at least about 1 0,000 AMU, more preferably at 
least about 30,000 AMU, yet more preferably at least about 45,000 AMU. Also within this 
range, the number average molecular weight is preferably up to about 300,000 AMU, 
more preferably up to about 200,000 AMU, yet more preferably up to about 1 50,000 
AMU. 

[0038] The molecular weight distribution of the hydrogenated block copolymer as measured 
by GPC is not particularly limited. The copolymer may have any ratio of weight average 
molecular weight to number average molecular weight. 

[0039] Some of these hydrogenated block copolymers have a hydrogenated conjugated 

diene polymer chain to which crystallinity is ascribed. Crystallinity of the hydrogenated 
block copolymer can be determined by the use of a differential scanning calorimeter 
(DSC), for example, DSC-II Model manufactured by Perkin-Elmer Co. Heat of fusion can 
be measured by a heating rate of, for example, 1 0 ft C/min in an inert gas atmosphere 
such as nitrogen. For example, a sample may be heated to a temperature above an 
estimated melting point, cooled by decreasing the temperature at a rate of 1 0 ° C/min, 
allowed to stand for about 1 minute, and then heated again at a rate of 10 ° C/min. 

[0040] The hydrogenated block copolymer may have any degree of crystallinity. In view of a 
balance of mechanical strength of the resulting resin composition, those hydrogenated 
block copolymers having a melting point of about -40 0 C to about 1 60 0 C or having no 
definite melting point (i.e., having non-crystallinity), as measured according to the 

melting point of at least about -20 0 C, more preferably at least about 0 3 C, yet more 
preferably at least about 20 9 C, still more preferably at least about 40 0 C. Also within 
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this range, it may be preferred to use a hydrogenated block copolymer having a melting 
point of up to about 1 40 0 C, more preferably up to about 1 1 0 a C, yet more preferably up 
to about 100 ' C. 

[0041] The hydrogenated block copolymer may have any glass transition temperature (T ) 

y 

ascribed to the hydrogenated conjugated diene polymer chain. From the standpoint of 
low-temperature impact strength of the resulting resin composition, it preferably has a T 
of up to about -60 ° C, more preferably up to about -1 20 ° C The glass transition 

g 

temperature of the copolymer can be measured by the aforesaid DSC method or from the 
visco-elastic behavior toward temperature change as observed with a mechanical 
spectrometer. 

[0042] Particularly preferred hydrogenated block copolymers are the styrene-(ethylene- 

butylene) diblock and styrene-(ethylene-butylene)-styrene triblock copolymers obtained 
by hydrogenation of styrene-butadiene and styrene-butadiene-styrene triblock 
copolymers, respectively. 

[0043] The hydrogenated block copolymer may be synthesized by block polymerization 
followed by hydrogenation as described, for example, in U.S. Patent No. 4,863,997 to 
Shibuya et al. Suitable hydrogenated block copolymers include the styrene-(ethylene- 
butylene) diblock and styrene-(ethylene-butylene)-styrene triblock copolymers 
commercially available as, for example, TUFTEC • HI 043 sold by Asahi Chemical. 

[0044] The composition may comprise the hydrogenated block copolymer in an amount of 
about 1 to about 1 2 weight percent. Within this range, it may be preferred to use the 
hydrogenated block copolymer in an amount of at least about 2 weight percent. Also 
within this range, it may be preferred to use the hydrogenated block copolymer in an 
amount of up to about 1 0 weight percent, based on the total weight of the composition. 

[0045] 

The composition further comprises an unhydrogenated block copolymer of alkenyl 
aromatic compound and a conjugated diene (referred to hereinafter as an 

and (B) at least one block derived from a conjugated diene, in which the aliphatic 
unsaturated group content in the block (B) has not been reduced by hydrogenation. The 
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alkenyl aromatic compound (A) and the conjugated diene (B) are defined in detail above 
in the description of the hydrogenated block copolymer. The arrangement of blocks (A) 
and (B) includes a linear structure and a so-called radial teleblock structure having a 
branched chain. 

[0046] Preferred of these structures are linear structures embracing diblock (A-B block), 

triblock (A-B-A block or B-A-B block), tetrablock (A-B-A-B block), and pentablock (A-B- 
A-B-A block or B-A-B-A-B block) structures as well as linear structures containing 6 or 
more blocks in total of A and B. More preferred are diblock, triblock, and tetrablock 
structures, with the A-B-A triblock structure being particularly preferred. 

[00471 The unhydrogenated block copolymer may comprise about 1 0 to about 90 weight 
percent of the (A) blocks. Within this range, it may be preferred to use at least about 20 
weight percent (A) blocks. Also within this range, it may be preferred to use up to about 
80 weight percent (A) blocks. 

[0048] Particularly preferred unhydrogenated block copolymers included styrene-butadiene- 
styrene triblock copolymers. 

[0049] Suitable unhydrogenated block copolymers may be prepared by known methods or 
obtained commercially as, for example, KRATON • D series polymers, including KRATON 
• Dl 1 01 and Dl 1 02, from Kraton Polymers (formerly a division of Shell Chemical). 

[0050] The unhydrogenated block copolymer may be used at about 1 to about 1 5 weight 
percent, preferably about 1 to about 7 weight percent, based on the total weight of the 
composition. 

[0051] The composition further comprises glass fibers. Preferred glass fibers may have 

diameters of about 2 to about 25 micrometers. Within this range, diameters of at least 
about 1 0 micrometers may be preferred, and diameters of at least about 1 3 micrometers 
may be more preferred. Also within this range, diameters up to about 20 micrometers 
may be preferred, and diameters up to about 18 micrometers may be more preferred. 

about 2 millimeters may be more preferred. Also within this range, a length or up to 
about 1 0 millimeters may be preferred, and a length of up to about 8 millimeters may be 
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more preferred. Note that the above lengths refer to the state of the fiber as it is added 
to the composition; fiber lengths will be smaller after extrusion, molding, etc. Glass 
fibers comprising a sizing to increase their compatibility with the polyolefin are 
particularly preferred. Suitable sizings are described, for example, in U.S. Patent No. 
5,998,029 to Adzima et al. Suitable glass fibers are commercially available as, for 
example, product numbers 147A-14P (14 micrometer diameter) and 147A-1 7P (1 7 
micrometer diameter) from Owens Corning. 

[0052] The compatibility of the glass fibers and the polyolefin may be improved not just with 
sizings on the surface of the fibers, but also by adding to the composition a graft 
copolymer comprising a polyolefin backbone and polar grafts formed from one or more 
cyclic anhydrides. Such materials include graft copolymers of polyolefms and C ^ -C ^ 
cyclic anhydrides, such as, for example, those available from ExxonMobil under the 
tradename EXXELOR • and from DuPont under the tradename FUSABOND • . Examples of 
suitable polyolefin-graft-cyclic anhydride copolymers are the polypropylene-graft-maleic 
anhydride materials supplied by ExxonMobil as EXXELOR • POT 020 and by DuPont as 
FUSABOND • M61 3-05. Suitable amounts of such materials may be readily determined 
and are generally about 0.1 to about 10 weight percent, based on the total weight of the 
composition. Within this range, a polyolefin-graft-cyclic anhydride copolymer amount of 
at least about 0.5 weight percent may be preferred. Also within this range, a polyolefin- 
graft-cyclic anhydride copolymer amount of up to about 5 weight percent may be 
preferred. 

[0053] The composition may comprise glass fibers in an amount of 20 to about 40 weight 

percent, preferably about 25 to about 40 weight percent, based on the total weight of the 
composition. 

[0054] The composition may, optionally, further comprise a polypropylene-polystyrene graft 
copolymer. The polypropylene-polystyrene graft copolymer is herein defined as a graft 
copolymer having a propylene polymer backbone and one or more styrene polymer 
grafts. 

polypropyiene-poiystyrene grart copolymer is {dj a nomopoiymer or propylene, kQj a 
random copolymer of propylene and an olefin selected from the group consisting of 
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ethylene and C -C l Q olefins, provided that, when the olefin is ethylene, the 

polymerized ethylene content is up to about 1 0 weight percent, preferably up to about 4 

weight percent, and when the olefin is a C -C ^ olefin, the polymerized content of the 

C -C olefin is up to about 20 weight percent, preferably up to about 1 6 weight 
4 1 0 

percent; (c) a random terpolymer of propylene and at least two olefins selected from the 

group consisting of ethylene and C -C i Q alpha-olefins, provided that the polymerized 

C -C alpha-olefin content is up to about 20 weight percent, preferably up to about 
4 10 

16 weight percent, and, when ethylene is one of the olefins, the polymerized ethylene 

content is up to about 5 weight percent, preferably up to about 4 weight percent; or (d) a 

homopolymer or random copolymer of propylene which is impact-modified with an 

ethylene-propylene monomer rubber in the reactor as well as by physical blending, the 

ethylene-propylene monomer rubber content of the modified polymer being about 5 to 

about 30 weight percent, and the ethylene content of the rubber being about 7 to about 

70 weight percent, and preferably about 10 to about 40 weight percent. The C -C ]Q 

olefins include the linear and branched C -C in alpha-olefins such as, for example, 1 - 

4 1 0 

butene, 1-pentene, 3-methyl-l -butene, 4-methyl-l -pentene, 1-hexene, 3,4-dimethyl- 
] -butene, 1 -heptene, 1 -octene, 3-methyl-hexene, and the like. Propylene 
homopolymers and impact-modified propylene homopolymers are preferred propylene 
polymer materials. Although not preferred, propylene homopolymers and random 
copolymers impact modified with an ethylene-propylene-diene monomer rubber having a 
diene content of about 2 to about 8 weight percent also can be used as the propylene 
polymer material. Suitable dienes include dicyclopentadiene, 1 ,6-hexadiene, ethylidene 
norbornene, and the like. 

[0056] The term "styrene polymer", used in reference to the grafted polymer present on the 

backbone of propylene polymer material in the polypropylene-polystyrene graft 

copolymer, denotes (a) homopolymers of styrene or of an alkyl styrene having at least 

one C -C linear or branched alkyl ring substituent, especially a p-alkyl styrene; (b) 
1 4 

copolymers of the (a) monomers with one another in all proportions; and (c) copolymers 
of at least one (a) monomer with alpha-methyl derivatives thereof, e.g., alpha- 

[0057] The p 0 |yp r opylene-polystyrene graft copolymer will typically comprise about 1 0 to 
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about 90 weight percent of the propylene polymer backbone and about 90 to about 1 0 
weight percent of the styrene polymer graft. Within these ranges, the propylene polymer 
backbone may preferably account for at least about 20 weight percent of the total graft 
copolymer; and the propylene polymer backbone may preferably account for up to about 
40 weight percent of the total graft copolymer. Also within these ranges, the styrene 
polymer graft may preferably account for at least about 50 weight percent, more 
preferably at least about 60 weight percent, of the total graft copolymer. 

[0058] The preparation of polypropylene-polystyrene graft copolymers is described, for 
example, in U.S. Patent No. 4,990,558 to DeNicola, Jr. et al. Suitable polypropylene- 
polystyrene graft copolymers are also commercially available as, for example, PI 045H1 
and P1085H1 from BaseM. 

[0059] When present, the polypropylene-polystyrene graft copolymer may be used in an 

amount of about 0.5 to about 1 0 weight percent, preferably about 4 to about 1 0 weight 
percent, based on the total weight of the composition. 

[0060] The composition may, optionally, further comprise an ethylene/alpha-olefin 

elastomeric copolymer. The alpha-olefin component of the copolymer may be at least 

one C -C alpha-olefin. Preferred alpha-olefins include propylene, 1 -butene, and 1 - 
3 10 

octene. The elastomeric copolymer may be a random copolymer having about 25 to 
about 75 weight percent ethylene and about 75 to about 25 weight percent alpha-olefin. 
Within these ranges, it may be preferred to use at least about 40 weight percent ethylene; 
and it may be preferred to use up to about 60 weight percent ethylene. Also within these 
ranges, it may be preferred to use at least about 40 weight percent alpha-olefin; and it 
may be preferred to use up to about 60 weight percent alpha-olefin. The ethylene/alpha- 
oiefin elastomeric copolymer may typically have a melt flow index of about 0.1 to about 
20 g/1 0 min at 2.1 6 kg and 200 0 C, and a density of about 0.8 to about 0.9 g/ml. 

[0061] Particularly preferred ethylene/alpha-olefin elastomeric copolymer rubbers include 
ethylene-propylene rubbers, ethylene-butene rubbers, ethylene-octene rubbers, and 

The ethylene alpha-oiefin elastomeric copolymer may be prepared according to 
known methods or obtained commercially as, for example, the neat ethylene-propylene 
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rubber sold as VISTALON • 878 by ExxonMobil Chemical and the ethylene-butylene 
rubber sold as EXACT • 4033 by ExxonMobil Chemical. Ethylene/alpha-olefin elastomeric 
copolymers may also be obtained commercially as blends in polyolefins such as, for 
example, the ethylene-propylene rubber pre-dispersed in polypropylene sold as product 
numbers Profax 7624 and Profax 8623 from Basell, and the ethylene-butene rubber pre- 
dispersed in polypropylene sold as Catalloy K021 P from Basell. 

[0063] When present, the ethylene/alpha-olefin elastomeric copolymer may be used in an 
amount of about 1 to about 1 5 weight percent, preferably about 1 to about 1 0 weight 
percent, based on the total weight of the composition. 

[0064] In one embodiment, the amount of ethylene/alpha-olefin elastomeric copolymer may 
be expressed as a fraction of the total of polyolefin and ethylene/alpha-olefin 
elastomeric copolymer. Thus, when the ethylene/alpha-olefin elastomeric copolymer is 
present, its amount may be expressed as about 1 to about 30 weight percent, preferably 
about 2 to about 20 weight percent, based on the combined weight of polyolefin and 
ethylene/alpha-olefin elastomeric copolymer. 

[0065] The composition may, optionally, further comprise a rubber-modified poly(alkenyl 
aromatic) resin. A rubber-modified poly(alkenyl aromatic) resin comprises a polymer 
derived from at least one alkenyl aromatic monomer, and further comprises a rubber 
modifier in the form of a blend and/or a graft. 

[0066] The alkenyl aromatic monomer may have the formula 
R 1 C=ch 2 



■(Z)p 

wherein R 1 is hydrogen, C -C alkyl, halogen, or the like; Z is vinyl, halogen, C -C 
alkyl, or the like; and p is 0 to 5. Preferred alkenyl aromatic monomers include styrene, 

methylstyrenes such as p-methylstyrene, and chlorostyrenes such as p-chlorostyrene. 



^alkenyl aromatic; resin comprises about 98 to about 70 weight percent of the poly 
(alkenyl aromatic) resin and about 2 to about 30 weight percent of the rubber modifier. 
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Within these ranges, a poly(alkenyl aromatic) resin amount of at least about 88 weight 
percent and up to about 94 weight percent may be preferred. Also, within these ranges, a 
rubber modifier amount of at least about 6 weight percent and up to about 1 2 weight 
percent may be preferred. 

[0068] Highly preferred rubber-modified poly(alkenyl aromatic) resins include the styrene- 
butadiene copolymers containing about 88 to about 94 weight percent styrene and about 
6 to about 1 2 weight percent butadiene. These styrene-butadiene copolymers, also 
known as high-impact polystyrenes, are commercially available as, for example, GEH 
1 897 from General Electric Company, and BA 5350 from Chevron Chemical Company. 

[0069] When present, the rubber-modified poly(alkenyl aromatic) resin may be used in an 
amount of about 1 to about 40 weight percent, based on the total weight of the 
composition. In one embodiment, the composition is substantially free of a rubber- 
modified poly(alkenyl aromatic) resin. The term "substantially free" is herein defined as 
constituting less than 0.5 weight percent of the total weight of the composition. In this 
embodiment, it is preferred that the rubber-modified poly(alkenyl aromatic) resin 
constitute less than 0.1 weight percent of the total weight of the composition. 

[0070] The composition may, optionally, further comprise a hydrogenated block copolymer 
of an alkenyl aromatic compound and a conjugated diene, wherein the hydrogenated 
block copolymer has an alkenyl aromatic content of about 10 to less than 40 weight 
percent. For this component, the alkenyl aromatic compound and the conjugated diene 
compound are the same as those defined above for the hydrogenated block copolymer 
having an alkenyl aromatic content of 40 to about 90 weight percent. Such materials are 
commercially available as, for example, K RATON ® CI 650 and Gl 652 from Kraton 
Polymers. When present, the hydrogenated block copolymer having an alkenyl aromatic 
content of about 1 0 to less than 40 weight percent may be used at about 1 weight 
percent to about 20 weight percent, based on the total weight of the composition. 

[0071] )n addition to the components described above, the composition may comprise one 

agents, UV blockers, ayes, pigments, particulate rulers u.e.. rulers navmg an aspect rat.o 
less than about 3), additional reinforcing fillers, conductive fillers (e.g., conductive 
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carbon black, and vapor grown carbon fibers having an average diameter of about 3 to 
about 500 nanometers), antioxidants, anti-static agents, and the like. Such additives are 
well known in the art and appropriate amounts may be readily determined. 

[0072] One embodiment of the thermoplastic composition is a composition comprising: 

about 1 0 to about 40 weight percent of a poly(arylene ether) that is the polymerization 
product of 2,6-dimethylphenol, 2,3,6-trimethylphenol, or a combination thereof; about 2 
to about 35 weight percent of a homopolymer of an alkenyl aromatic monomer, wherein 
the weight ratio of the homopolymer of an alkenyl aromatic monomer to the poly(arylene 
ether) is at least about 1:10; about 20 to about 50 weight percent of a polyolefin; about 
0.1 to about 1 0 weight percent of a polyolefin-graft-cyclic anhydride copolymer; about 1 
to about 1 2 weight percent of a nydrogenated block copolymer of aikenyi aromatic 
compound and a conjugated diene having an alkenyl aromatic content of 40 to about 90 
weight percent; about 1 to about 1 5 weight percent of an unhydrogenated block 
copolymer of alkenyl aromatic compound and a conjugated diene; and 20 weight percent 
to about 40 weight percent of glass fibers; wherein all weight percents are based on the 
total weight of the composition. 

[0073] Another embodiment of the thermoplastic composition is a composition comprising: 
about 1 0 to about 40 weight percent of a poly(arylene ether) that is the polymerization 
product of 2,6-dimethylphenol, 2,3,6-trimethylphenol, or a combination thereof; about 2 
to about 35 weight percent of a homopolymer of an alkenyl aromatic monomer, wherein 
the weight ratio of the homopolymer of an alkenyl aromatic monomer to the poly(arylene 
ether) is at least 1 :1 0; about 20 to about 50 weight percent of a polyolefin; about 1 to 
about 1 2 weight percent of a hydrogenated block copolymer of alkenyl aromatic 
compound and a conjugated diene having an alkenyl aromatic content of 40 to about 90 
weight percent; about 1 to about 1 5 weight percent of an unhydrogenated block 
copolymer of alkenyl aromatic compound and a conjugated diene; about 1 to about 1 5 
weight percent of an ethylene/alpha-olefin elastomeric copolymer; and 20 to about 40 
weight percent of glass fibers; wherein all weight percents are based on the total weight 

Another emoodiment or the the r mopiastic composition is a composition comprising, 
about 1 5 to about 35 weight percent of a poly(arylene ether) that is the polymerization 
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product of 2,6-dimethylphenol, 2,3,6-trimethylphenoI, or a combination thereof; about 
3.5 to about 20 weight percent of a homopolymer of a homopolystyrene; about 20 to 
about 40 weight percent of a homopolypropylene; about 2 to about 1 0 weight percent of 
a styrene-(ethylene-butylene)-styrene triblock copolymer having an alkenyl aromatic 
content of about 55 to about 75 weight percent; about 1 to about 7 weight percent of a 
styrene-butadiene-styrene triblock copolymer; about 1 to about 1 0 weight percent of an 
ethylene-butylene rubber, an ethylene-propylene rubber, or a mixture thereof; and 20 to 
about 40 weight percent of glass fibers having a diameter of about 1 0 to about 20 
micrometers; wherein all weight percents are based on the total weight of the 
composition. 

[0075] Another embodiment of the thermoplastic composition is a composition comprising 
the reaction product of: about 1 0 to about 40 weight percent of a poly(arylene ether); 
about 2 to about 35 weight percent of a homopolymer of an alkenyl aromatic monomer, 
wherein the weight ratio of the homopolymer of an alkenyl aromatic monomer to the poly 
(arylene ether) is at least about 1:10; about 20 to about 50 weight percent of a polyolefin; 
about 1 to about 1 2 weight percent of a hydrogenated block copolymer of alkenyl 
aromatic compound and a conjugated diene having an alkenyl aromatic content of 40 to 
about 90 weight percent; about 1 to about 1 5 weight percent of an unhydrogenated 
block copolymer of alkenyl aromatic compound and a conjugated diene; and 20 weight 
percent to about 40 weight percent of glass fibers; wherein all weight percents are based 
on the total weight of the composition. 

[0076] The composition after molding may have a flexural modulus at 23 8 C measured 
according to ASTM D790 of at least about 500,000 pounds per square inch (psi), 
preferably at least about 600,000 psi, more preferably at least about 800,000 psi, yet 
more preferably at least about 1 ,000,000 psi, still more preferably at least about 
1,200,000 psi. 

[0077] The composition after molding may have an Izod Notched Impact strength measured 

at ?3 ° C accordino to ASTM D7S£ of at Ipa^t about 1 foot pounds PP r f nrh fft-lb 'in^ 

■"■ r "o r p ra ni v ,\: ipasr annul - r 
[0078] The composition after molding may have a heat distortion temperature (HDT) 
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measured at 66 psi according to ASTM D648 of at least about 275 ' F, preferably at least 
about 300 • F, more preferably at least about 31 0 ° F. The heat distortion temperature 
(HDT) measured at 264 psi may be at least about 240 0 F, preferably at least about 260 ° 
F, more preferably at least about 280 0 F. 

[0079] The composition after molding may have a tensile elongation at break measured 
according to ASTM D638 of at least about 3%, preferably at least about 4%, more 
preferably at least about 5%. 

[0080] As the composition is defined as comprising multiple components, it will be 

understood that each component is chemically distinct, particularly in the instance that a 
single chemical compound may satisfy the definition of more than one component. 

[0081 ] The preparation of the compositions of the present invention is normally achieved by 
merely blending the ingredients under conditions for the formation of an intimate blend. 
Such conditions often include mixing in single- or twin-screw type extruders or similar 
mixing devices that can apply a shear to the components. 

[0082] Preferred blending methods are described in detail in the co-filed application U.S. 

Serial No. [attorney docket number 08CN06031 -2], which is incorporated 

herein in its entirety. In a preferred embodiment, the components are blended in an 
extruder having at least two addition ports, with at least about 50%, preferably at least 
about 75%, more preferably all of the poly(arylene ether) added upstream, and at least 
about 50%, preferably at least about 75%, yet more preferably 100%, of the polyolefin 
added downstream, and at least 50%, preferably at least 75%, more preferably all, of the 
glass fibers added downstream. In another preferred embodiment, the components are 
blended using at least two mixing stages, comprising upstream mixing and downstream 
mixing, wherein the upstream mixing is high-energy mixing characterized by at least two 
mixing elements and/or a mixing section not less than about 1 inch in length. 
Downstream mixing may be either high-energy mixing as described above or low-energy 
mixing, depending on the composition and its desired properties. 

extremely high stiffness, high tensile strength, and high heat resistance. Such articles 
include, for example, automotive components, including automotive front end modules 
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and grill opening reinforcements. 



[0084] 



The invention is further illustrated by the following non-limiting examples. 



EXAMPLES 1-3 



[0085] 



Raw materials used in all example formulations are summarized in Table 1. 



[0086] 



Components 1 -9 were thoroughly hand mixed in a bag. The contents of this bag 
were then fed through a feeder and entered the extruder at the throat (extruder initial 
entry point). Component 1 0 was then fed into the extruder downstream (entry points 
were located after the feed throat, approximately barrel 5 of 1 0). 



[0087] 



Specific formulations of examples are given in Table 2. Unless otherwise specified, all 



component amounts are expressed in parts by weight. Samples were extruded using a 30 
mm co-rotating twin screw extruder. Blends were melt extruded at 520 ° F, 450-500 
rpm, and 30-55 pounds per hour. Melt from the extruder was forced through a 3-hole 
die to produce melt strands. These strands were rapidly cooled by passing them through 
a cold water bath. The cooled strands were chopped into pellets. Pellets were dried in the 
oven at 200 0 F for 2-4 hours. 

[0088] ASTM parts were molded on a 1 20 tonne molding machine (manufacturer: Van Dorn) 
at 1 00-1 20 " F mold temp and a 450-550 0 F barrel temperature. 

[0089] Parts were tested according to ASTM methods. Flexural modulus and flexural 

strength were measured according to ASTM D790. Heat distortion temperatures (HDT) at 
66 and 264 psi were measured according to ASTM D648. Izod notched and unnotched 
impact strengths were measured according to ASTM D256. Dynatup (falling dart) total 
energy, energy to maximum load, and energy to failure were measured according to 
ASTM D3763. Tensile elongation at break and tensile strength at break were measured 
according to ASTM D638. 



[0090] 



strength. 



[tl] 
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Table 2 





Ex. 1 


Ex. 2 


Ex. 3 


COMPOSITION 








PP 


31.36 


20.0C 


20.00 


EPR 


0.00 


0 OC 


0.00 


pp-k-ps 


4,33 


4.63 


4.63 


PPE 


18.14 


15.00 


15.00 


xPS 


12.02 


3 75 


3.75 


SBS 


5.60 


4.63 


4.63 


SEBSK1652 


2.60 


0.00 


0.00 


SEBS H1043 


2.60 


10.00 


10.00 


PP-g-MA 


2,00 


2. 00 


2.00 


glass fibers 


21.36 


40 OC 


40.00 


PROPERTIES 








Flex Modulus, 23°C, 1/8" (psi) 


575,800 


1,199,000 


1,236,000 


Flex Strength at Yield (psi) 


16,880 


21,200 


21,280 


HDT, 66 psi, 1/8" (°F) 


305.2 


312.8 


310 


HDT, 264 psi, 1/8 ( r) 




ZoD, / 




NotrhcH WM. ?3°C (Mb/in) 


2.2 


2.1 


2.0 


Notched Izod, -30°C (ft-lb/in) 


1.8 


1.8 


1.8 


Unnotched Izod, 23°C (ft-lb/in) 


11.7 


11.4 


11.2 


Energy to Max Load, 23°C (ft-lb) 


2.77 


527 


5.5 


Total Ener R y, 23°C, 7.5mph (ft-lb) 


9.7 


909 


9.2 


Energy to Max Load, -30°C (ft-lb) 


6.76 


8.17 


5.63 


Total Energy, -30°C (ft-lb) 


10.37 


10.02 


7.65 


Tensile Strength at Break (psi) 


10,796 


14,070 


14,320 


Tensile Elongation at Break (%) 


7.55 


5,01 


4.94 



EXAMPLES 4 AND 5, COMPARATIVE EXAMPLES 1 AND 2 

[0091] 



These examples and comparative examples illustrate the advantages associated with 
the presence of an unhydrogenated block copolymer in the composition. Components are 
the same as those described in Table 1 , except that the poly(arylene ether) (PPE) had an 
intrinsic viscosity of 0.46 dL/g as measured at 2 5 0 C in chloroform. "Additives" refers to 
a 1:1:3 weight ratio blend of magnesium oxide, zinc sulfide, and tridodecyl phosphite. 
Samples were prepared and tested as described for Examples 1-3, above. Compositions 
and properties are given in Table 3, below. Pair-wise comparisons of samples with and 
without the unhydrogenated block copolymer SBS show that its presence is generally 
associated with higher heat distortion temperatures. Also note that Ex. 5, with 



Failure at -30 3 C versus C. Ex. 2 lacking the unhydrogenated block copolymer. 
[t3] 
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Table 3 





C. Ex. 1 


Ex.4 


C. Ex. 2 


Ex.5 


COMPOSITION 










PP, PD403 


30.00 


30.00 


25.50 


25.50 


EBR 


0.00 


0.00 


4.50 


4.50 


SBS 


0.00 


4.50 


0.00 


4.50 


SEBS HI 043 


6.00 


6.00 


6.00 


6.00 


xPS 


16.00 


11.50 


16.00 


11.50 


PP-r-MA 


2.00 


2.00 


2.00 


2.00 


glass fibers- 14 


30.00 


30.00 


30.00 


30.00 


PPE 0.46 IV 


16.00 


16.00 


16.00 


16.00 


Additives 


0.25 


0.25 


0.25 


0.25 


PROPERTIES 










Flexural Modulus, 23°C, 1/8" (psi) 


776,200 




/ DO, \. \)\) 


/ JO,OVJU 


std. dev. 


98.800 


18,590 


24,140 




Flexural Strength at Yield, 23°C, 1/8" 
<P si ) - . 


20 f 050 


20,170 


19,130 




sid. dev. 


1,313 


343 


245 


281 


HDT, 264 psi, 1/8" (°F) 


274.2 


278.3 


263.1 


266.5 


std. dev. 


0.6 


1.9 


1.0 


1.6 


HDT, 66 psi, 1/8° (°F) 


302.7 


306.1 


294.7 


300.2 


std. dev. 


0.8 


0.7 


0.6 


1.4 


Notched food, 23°C (ft-lb/in) 


2.1 


2.2 


2.6 


2.9 


std. dev. 


0 


0.1 


0.1 


0.1 


Notched Izod, -30°C (ft-lb/in) 


1.6 


1.7 


1.9 


2.1 


std. dev. 


0.1 


0.J 


0.1 


0.1 


Energy to Maximum Load, 23°C, 7.5 
mph (ft-lb) 


4.51 


2.66 


3.78 


3.23 


std. dev. 


1.73 


0.22 


1.9 




Energy to Failure, 23°C, 7.5 mph (ft-lb) 


12.05 


12.04 


12.13 


1 1.49 


std. dev. 


0.54 


0.59 


0.90 


0J3 


Energy to Maximum Load, -30°C, 7,5 
mph (ft-lb) 


6.68 


5.29 


5,13 


5.51 


std. dev. 


1.13 


3.12 


2.53 


2.55 


Energy to Failure, -30°C, 7.5 mph (ft-lb) 


10.75 


10.95 


L2.53 


13.72 


std. dev. 


2.30 


1.77 


2. 09 


2.05 


Energy to Maximum Load, -30°C, 5 
mph (ft-lb) 




1 1 Q 


1.61 


1.95 


std. dev. 


0.55 


0.3 


0.28 


0.3 


Energy to Failure, -30°C, 5 mph (ft-lb) 


3.00 


2.63 


3.04 


3.53 


std. dev. 


0.61 


0,50 


0.37 


0,7 


Tensile Strength at Yield, 23°C (psi) 


14,548 


13,876 


13,786 


13,019 


std. dev. 


43.3 


73.6 


Ptf.P 


102 


Tensile Strength at Break, 23°C (psi) 


14,548 


13,876 


13,786 


13,019 


std. dev. 


43.4 


73.4 


95. P 


102 


Tensile Elongation at Break, 23°C (%) 


6.73 


6.71 


7.46 


7.32 


std. dev. 


0.10 


0.09 


0.05 | 0.11 



[0092] 

While the invention has been described with reference to a preferred embodiment, it 
will be understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the scope of 



scope thereof. Therefore, it is intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for carrying out this invention, 
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that the invention will include all embodiments falling within the scope of the appended 
claims. 

[0093] All cited patents, patent applications, and other references are incorporated herein by 
reference in their entirety. 
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